Objective: The purpose of this study was to examine the frequency of normal cerebrospinal fluid (CSF) parameters in Candida meningitis and the proportion of candidemia associated with Candida meningitis.
Introduction
Invasive candidiasis is an increasingly important cause of mortality and morbidity in the neonatal intensive care unit (NICU) as survival of extremely preterm infants improves. Candida meningitis complicates invasive candidiasis more often in infants than older patients. 1 Definitive diagnosis of Candida meningitis is determined by isolation of the organism in the cerebrospinal fluid (CSF). However, lumbar punctures (LP) in infants are often delayed until after institution of empirical anti-fungal therapy or until blood culture results are known to be positive, because of the delicate medical conditions of some infants, absence of specific clinical findings or assumptions of low risk of meningitis. 2 This delay in obtaining CSF places increased importance in interpretation of CSF parameters. In addition, recent studies have shown that negative blood cultures are frequently found in infants with meningitis. 3 Little is known about the CSF parameters in infants with Candida meningitis. Normal CSF parameters (white blood cell (WBC) count, red blood cell (RBC) count, glucose and protein) in the presence of Candida meningitis have been reported in single center studies. Thus, the objective of this study was to describe the CSF parameters in infants with Candida meningitis identified from a large multi-center cohort.
Methods
We examined the initial LP results from a cohort of infants discharged from 150 NICUs managed by the Pediatrix Medical Group Inc. from 1997 to 2004. The data were obtained from an administrative database with a collection method described previously. 3 Candida meningitis was diagnosed by a positive CSF culture or positive Gram stain for yeast. CSF samples were processed according to the individual hospital's local laboratory standards. Infants with CSF reservoirs and shunts were excluded from the study. The Duke University Institutional Review Board provided permission to conduct this investigation.
We compared CSF parameters (WBC counts, RBC counts, glucose and protein) and demographic data from three distinct groups of patients: infants with culture-positive Candida meningitis, infants with candidemia and culture-negative CSF for Candida, and infants with negative blood and CSF cultures. Normal CSF parameters for premature infants (<37 weeks) were defined as a WBC count <26/mm 3 , glucose level >23 mg/dl and a protein level <171 mg/dl. 4 For infants with gestational age above 36 weeks, normal CSF parameters were defined as WBC count <22/mm 3 or less, glucose level >33 mg/dl and a protein level <120 mg/dl. 4, 5 We calculated two-tailed P-values using non-parametric testing, Mann-Whitney, Kruskal-Wallis or Fisher's exact tests where appropriate, and used STATA 8.2 (Stata Corporation, College Station, TX, USA) for statistical analysis.
Results
The Pediatrix group provided care for 14 017 infants who received at least one LP. We evaluated the infants as three groups: 20 infants with culture-positive Candida meningitis, 66 with candidemia and culture-negative CSF for Candida and 11 696 with negative blood and CSF cultures ( Table 1 ). The majority of infants with Candida meningitis (85%, 17/20) and candidemia (71%, 55/ 77) had birth weights <1500 g. Of the 20 infants in the Candida meningitis group, 19 had blood culture data and 17 had follow-up/ outcome information available. Blood cultures were obtained within 48 h before the CSF culture in 12/19 (63%) of the infants and within 48 h after the CSF culture in 4/19 (21%) of the infants.
Normal CSF parameters were found in 43% (3/7) of the infants with culture-positive Candida meningitis and 63% (20/32) of candidemic infants without Candida meningitis with complete sets of CSF parameters, P ¼ 0.42. The median CSF WBC count in infants with culture-positive Candida meningitis was higher when compared to infants without meningitis (38 vs 9; P ¼ 0.047). The 
Discussion
Appropriate interpretation of initial CSF parameters in infants with suspected meningitis is critical in the decision-making process of the practicing clinician. In our study, normal CSF parameters (WBC count, glucose and protein) were found in nearly half (3/7) of infants with culture-proven Candida meningitis. Therefore, normal CSF parameters do not exclude Candida meningitis in the neonatal population. Unremarkable CSF parameters in the presence of Candida CNS infection are consistent with the pathophysiology of disease, because candidiasis of the CNS develops as a meningoencephalitis with subcortical and cortical granulomas, parenchymal abscesses and vasculitis. 6, 7 In a report by Faix et al., 8 only 50% (5/10) of the infants with culture-proven Candida meningitis had CSF WBC counts higher than 25 cells/mm 3 . A similar percentage of infants with elevated CSF WBC count (52%, 9/17) was observed in another cohort of infants with definite Candida meningitis, 9 and an even lower percentage (20%, 2/10) was found in another series. 10 In a recent multi-center study, 5% (14/293) of candidemic infants had Candida meningitis. 1 In our study of infants receiving an LP, 9% (7/77) of candidemic infants had evidence of Candida meningitis. Further, the majority (63%, 12/19) of infants with Candida meningitis had negative blood cultures for Candida. Although this finding might be related to the timing between the CSF and blood culture collection in these patients, the majority of them had blood cultures obtained within 48 h of the CSF culture. A high proportion (48%, 13/27) of negative blood cultures was also observed in a recent multi-center study examining blood culture results from infants with Candida meningitis. 1 Blood culture sensitivity for candidemia is low in adults 11 and may be even lower in infants where blood culture vials are inoculated with as little as 0.5 ml of blood.
Multi-center observational studies have consistently reported 20 to 30% mortality following neonatal candidiasis among very low birth weight infants. 1, 12 We observed 13% mortality (8/61) of candidemic infants and only 6% (3/51) in those infants with candidemia and culture-negative CSF for Candida. However, 41% (7/17) of infants with culture-positive Candida meningitis and 71% (5/7) of the infants with both positive blood and CSF cultures for Candida died. The proportion of infants with culture-proven Candida meningitis with birthweight <1000 g in this study was high. The lower overall mortality observed in the candidemic infants in our study may reflect the fact that our cohort is derived from infants deemed stable enough to undergo an LP.
Study strengths are the large number of LPs evaluated and the ability to examine blood culture results from a diverse group of NICUs. This study also represents information obtained under current care practices. Primary study limitations include retrospective design, missing CSF parameter data and lack of anti-fungal data before LP.
Candida meningitis can result in significant mortality in infants. Although the index of suspicion that an infant with candidemia may also have Candida meningitis should be increased if the CSF WBC is elevated, clinicians should be cautious in presuming absence of CNS candidiasis in the candidemic infant with normal CSF parameters. Because many infants with Candida meningitis do not exhibit growth of Candida in the blood, performing a CSF examination at the time of sepsis evaluation in clinically stable infants is important. Finally, these data emphasize the need for improved diagnostic interventions for the detection of invasive candidiasis.
